Dynamic characteristics assessment of three phase self excited induction generator is one of the main issue in isolated applications as it proves its importance in recent years. The transient characteristics of SEIG has important role to define its better applicability. In this paper a generalized state-space dynamic modeling of a three phase SEIG has been developed using d-q variables in stationary reference frame for transient analysis. The proposed model for induction generator, load and excitation using state space approach can handle variable prime mover speed, and various transient conditions e.g. load perturbation, switching states etc. Also the effect of variation of excitation capacitance on system is analyzed. SEIG behavior has been investigated considering the effect of main and cross flux saturation for various transient conditions. The equation developed has been simulated using powerful software MATLAB/SIMULINK, and its responces justify the proposed model.
Introduction
It is well known that the three phase induction machine can be made to work as a self-excited induction generator [1] - [3] provided capacitance should have sufficient charge to provide necessary initial magnetizing current. For self excitation to occur, the following two conditions must be satisfied [4] .
i. The rotor should have sufficient residual magnetism.
ii. The three capacitor bank should be of sufficient value.
In this paper d-q modeling of three phase SEIG has been proposed. The d-q equivalent circuit with inductive load is shown in Fig.1 . The state space approach [5] has been found better representation of transient equation of SEIG. The d-q axes stator-rotor voltage and current as in equation(A) are the functions of machine parameters. This is four first order differential equations. The solution of such equation has been obtained assuming all the non linear parameters as it is. The effect of main flux and cross flux has been taken into consideration,which in many of previous researches have not been considered [6] - [9] . Different constraints such as variation of prime mover speed and load have been taken into account and accordingly the effect on generated voltage and current has been analyzed. The effect of excitation capacitance on generated voltage has been analyzed. Different constraints for analyzing transient conditions: 1. The machine is run as a induction motor and then increase the speed above synchronous speed to make it as a generator, after complete excitation, the variation of generated voltage is observed by application of various loads. 2. The machine is started as a induction generator with the rated load and transient response is observed with various excitation and rotor speed. 3.The machine is started as induction generator with no load and the voltage variations has been observed by applying the load after complete excitation. Fig.1 shows the d-q axes equivalent circuit of a (SEIG) supplying an inductive load. Equation (A) and Fig.1 is a classical matrix formulation using d-q axes modeling is used to represent the dynamics of conventional induction machine operating as a generator. Using such a matrix representation, one can obtain the instantaneous voltages and currents during the selfexcitation process, as well as during load variations. 
SEIG Modeling

Load And Self-Excitation Capacitor Model
The equations (2) and (3) represents the self excitation capacitor currents and voltages in d-q axes representation.
Equations (4) and (5) represents the d-q axes load voltages and currents. 
Generalized SEIG Modeling
G,C and L refer, respectively, to the partition of equation (B) into matrices for the induction generator parameters, the self-excitation capacitance, and the load. (6) 
3 Simulation Of SEIG Simulation and the equations described above has been implemented in MATLAB/SIMULINK. The equations from (B) have been implemented in subsystem "Induction_Generator" whose outputs are currents. The excited and load model is implemented in subsystem 'excitation and Load' as shown in Fig.3 and Fig.4 by using equations (2) to (5) . Equation (B) shows the eight first order differential equations, for which the solutions gives the four currents (stator d-q axis currents and rotor d-q axis currents), load currents and capacitor voltages. Further these currents are the function of constants viz. stator and rotor inductances, resistances, speed, excitation capacitance and load impedance. And also variables like magnetizing inductance, magnetizing currents and electromagnetic torque generated, has been evaluated using (7) to (9) . The constraints of non linear magnetizing inductance has been taken into account, the curve between non linear magnetizing inductance Vs magnetizing currents is shown in Fig.5 . The equation (7) of this non linear graph has been obtained by curve fitting and hence fourth order nonlinear polynomial equation which is showing the relation between magnetizing inductance Vs Magnetizing current. 
Results And Discussion
The simulation in this paper has been developed in MATLAB/SIMULINK. The residual magnetism in the machine is taken into account in simulation process without which it is not possible for the generator to self excite. Intital voltage in the capacitor is considered. The results obtain with different consideration as follows:
Excitation with No-Load:
When generator is excited with capacitance value C=300 µF and rotor speed increased from zero to 2100 rmp in 0.8 sec, the generated voltage and current attains its steady state value of 400 Volts and 22 amp in 4.5 sec as shown in Fig.6 . 
Excitation with the Load:
When machine is already heavily loaded (R=30Ω and L=12.5mH) and excited with the capacitance value of C=300 µF and the rotor speed is increased from zero to 2100 rpm. The full self-excitation is taking place in 4.6sec and steady state voltage and current is 400 V and 22 Amp respectively as shown in Fig.7 . With the same capacitance value and with RL load(R=160Ω and L=44.5mH) and the rotor speed is varied from 1680 rpm to 2100 rpm(below synchronous speed to above synchronous speed) at t=0 sec. The full self excitation time is reduced from 4.6 sec to 3.4 sec, with the same voltage and currents, as shown in Fig.8 . With the heavy loaded machine it takes more time to full excitation hence transient time increases. 
Variations of Load after Full-Excitation:
The machine is first run as a induction motor and it is made to run as a induction generator (rotor speed increased from zero to 2100 rpm i.e. above synchronous speed) with the excitation capacitance of C= 300 µF, the full excitation attains at time t = 4.6 sec. The RL load (R=130Ω and L=44.5mH) at t = 7 sec is applied. It is observed that the voltage has slightly dropped from 400V to 380V and it is maintaining it as shown in Fig.9 . When a the RL load (R=18Ω and L=10.5mH) applied at t = 7 sec with above mentioned operating conditions, the voltage is decreased from 400V to 310V, as shown in Fig.10 . When a heavy RL load (R=0.5 Ω and L=1mH) switched on after full excitation at time t = 7 sec, the voltages collepsing completely as shown in Fig.11 . By adopting the suitable voltage regulator the voltage can be maintained accordingly. 
Voltage Collapse and Re-Excitation:
When the machine is running at 1760 rpm and its voltage is 400 volts, The RL load(R=100Ω and L=10mH) is switched on at time t = 3 sec. The voltage is collapsing at time t = 4 sec .i.e. voltage collapsing period is 1 sec. If the machine is excited at time t = 3.6 sec with the capacitance C= 300 µF, and rotor speed is increased to 2100 rpm, the re-excitation ( voltage build up) taking place at time t = 9 sec as shown in Fig.12 . The excitation period is 5.4 sec. when a light load (R = 260 Ω and L=45.5 mH) is switched on at time t = 3 sec the complete voltage collapsing period is 0.6 sec (i.e.from 3.0 sec to 3.6 sec). Before the voltage collapses, if the machine is excited at time t = 3.2 sec with capacitance of C = 300 µF and rotor speed is increased to 2100 rpm, the full excitation is attained at time t=8.2 sec as shown in Fig.13 . The excitation period is 5 sec. To re-excite the machine, the excitation has to be applied before complete voltage collapse otherwise it will not build up the voltage. As the time gap between switching on load and re-excitation is less(before voltage collapse) the faster the full reexcitation of the machine. 
Conclusion
This paper presents the generalized state space dynamic modeling of three phase self excited induction generator. With this model it is possible to isolate induction generator, excitation and load. This feature is the machine model, the self excitation bank of the capacitor and the load. This proposed approach enhances the transient characteristics with the variations of load, excitation and speed.Performance of SEIG system is analyzed during initial self excitation, load switching, varying prime miver speed and excitation capacitance. The main advantages of this approach are (i) representation of SEIG in the form of classical state equation.
(ii) Seperation of machine parameters from the self excitation capacitors from the load parameters, the transient analysis can be effectively analyzed. (iii) this model works effectively even with the consideration of main and cross flux saturation and gives better result.
